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Introduction

Virulence factors and/or impaired host defense can result in
biofilm infections.

In cystic fibrosis reduced pericilliary fluid results in impaired
mucus clearance.

Recurrent and chronic lung biofilm infections.

Activation of the immune responses uses the same mechanisms
in biofilm infections as in non-biofilm infections.

However, biofilm infections are resistant/tolerant to the effector
mechanisms.

Activation of both the innate and the adaptive immune responses
without clearance of the pathogen -> Collateral tissue damage.



Acute lung infection
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Chronic biofilm infection in CF — no
resolution.

- Adaptive immune response
accelerates inflammation and
contributes to pathogenesis:
— Skewing of Th1/Th2 balance
— Immunecomplex disease

— Paradox persistent acute type inflammation
(PMNs)

— High number of necrotic PMNs
— Progressive loss of lung function
— Fibrosis

* The type of adaptive immune
response influenced by the
inflammatory response.

* Provides possible treatment targets.

Courtesy Niels Hgiby



Pulmonary niches or zones
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Pulmonary dimensions
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Localization matters
Challenge of distinct lung niches.

Distribution af Small and Big Beads
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G-CSF Sera
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G-CSF pg/ml

Inflammatory respons
Non-mucoid versus mucoid.

Non-mucoid
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Traditional lymphocytes
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Follicular Th cells, Tr1 and Th3 cells, NK and NKT cells, Central/peripheral memory cells.

a/p or y/d T lymphocytes.

30x108 cells/hour from one lymph node:

5% produced in the lymph node. 10% from afferent lymph.

85% recirculation through the high endothelial venules.



Recent sub divivions
Plasticity — the new buzz word! Emerging subsets!

Earlier believed to be fixed
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Involvement of more subsets.
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AVERAGE NUMBER OF PRECIPITINS PER PATIENT
PER YEAR

CF WITH CHRONIC PSEUDOMONAS COLONIZATION
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Dichotomy 1in CF
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IL-4 highest in CF +P (p<0.005)
IFN-y lowest in CF +P (p<0.05)
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Furthermore.

Decreased IFN-y RNA expression in CF patients
with acute excerbations (Wojnarowski C et al. Eur
Resp J 1999).

Decreased IFN-y secretion by T-cells in CF patients
with chronic P. aeruginosa lung infection (Moss R et
al. Clin Exp Immunol 2000).

CFTR dysfunction in mouse T-cells may be
iInvolved in Th2 development (Mueller C et al. Am J
Respir Cell Mol Biol 2010).

Th2 response in patients with ABPA (Skov M et al.
Ped Pulm 1999).



Th1/Th2 dichotomy

Children and young adults
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Non specific stimulation (LPS and PHA).
Long term colonization resulted
in greater IL-4 production (p<0.02).



Th1/Th2 dichotomy

Bronchoalveolar lavages
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Dichotomized response in CF

AVEéAGE NUMBER OF PRECIPITINS PER PATIENT PER YEAR.
133 CF PATIENTS FOLLOWED FOR /L — 5 YEARS: 441 PATIENT-YEARS.
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Figure 3. Prevalence and number of precipitins against P. aeruginosa in sera from patients with
cystic fibrosis classified into different age groups. Each circle represents the average results per
year of the crossed immunoelectrophoreses which have been carried out with sera from a given pa-
tient. Filled circles represent 18 patients who have later succumbed. The broken line (2 precipi-
tins) is the borderline between normal (0-1 precipitin) and abnormal number of precipitins.

Hgiby N, et al (Scand J Resp Dis 1977).



Cytokines and lung function

O FEV1 (Rho=0.524; p<0.07)
O FVC (Rho=0.637; p<0.03)
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Th1/Th2 and lung function

Broncho alveolar lavage
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Th1/Th2 reacting mice

Chronic P. aeruginosa more severe in BALB/c compared to C3H/HeN mice (Moser C et al. APMIS 1997)

Th1/Th2 reacting mice. Th1/Th2 reacting mice.
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IFN-y treatment of rats with chronic P. aeruginosa resulted in milder inflammation
(Johansen HK et al. Clin Exp Immunol 1996)




Involvement of Th17 in CF

Sputum form adult CF patients without exacerbations

Figure 1 IL-17A and IL-23 mRNA levels: CF group compared to
controls. IL-17A (A) and IL-23 (B) mRNA levels in controls (n = 11)
compared to CF group (n = 38). mRNA levels were measured by
RT-PCR. Values were normalized to 18S rRNA (ratio multiplied by
10%). Comparison of controls and CF group was done by
nonparametric Mann-Whitney U test (p < 0.05 significant). Median
levels are shown by the line. (C): Correlation between IL-17A and
IL-23 mRNA in the CF group (n = 38). Spearman correlation test was
used (p < 0.05 significant) (r = correlation coefficient).
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Figure 3 Comparison of IL-17A and IL-23 levels between |

patients with different colonisation status of P. aeruginosa and
S. aureus. Comparison of IL-17A and IL.-23 mRNA levels between
patients with different colonisation state of P. aeruginosa (A and B)
(never/free/intermittent: n = 17 and chronic: n = 21) and S. aureus
(never/free/intermittent: n = 22 and chronic: n = 16) (C and D)
according to the Leeds criteria. mRNA values were normalized to
18S rRNA (ratio multiplied by 10%). Comparison between the groups
was done by nonparametric Mann-Whitney U test (p < 0.05
significant). Median levels are shown by the line.

Th17 induced by
IL-23.
Characterized by
IL-17A

and sometimes
|L-22

production.

Induces G-CSF
and IL-8
secretion.



Why skewed immune response?



Mobilization of type2 dendritic cells by high dose G-CSF.

Antigen uptake. Mature, migrate and present.
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GM-CSF/G-CSF and CF
Th1/Th2

All patients: Rho=0.41; p<0.01
CF +P only: Rho=0.35; p<0.04
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Pulmonary IFN-y/1L-4 ratio

p<0.02

GM-CSF treatment

O High treatment
[0 Low treatment
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Moser et al 2002




Fraction of double positive DCs
(CD11b and CD8«.)
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Pulmonary DCs much more complex.

Five distinct lung DC subsets based on surface markers and

location.
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Type of generated response

dependent on:

-Cytokine environment

-Danger signals

-Pathogen recognizing
recoptors (PRRs)

-Pathogen

-Antigen processing

If harmless antigen with
minor additional signals
induce Treg.



Pulmonary Natural Killer cells

Mouse- C3H/HeN (Thl) BALB/c (Th2)
strain

Day

IFN-y 448 568 1755
(pg/ml)

GM-CSF 13 46 101
(pg/ml)

H. Calum, C. Moser et al. APMIS 2003.




Azithromycin: IL-4/IFN-y ratio

Azithromycin treated patients Control patients

15-
p<0.0002

2002
Moser et al.




Immune modulation in CF.

Difficult and complex.

Hippocratic oath (original version) “..... and never do
narm to anyone”.

Delicate balance (except for ABPA and other allergies).

What to expect and when - Low degree of lung tissue
loss.
Target/administration — lymph nodes and/or lung tissue.

Direct or indirect (microbial modulation).




The Th1/Th2 dichotomy in chronic pulmonary Pseudomonas aeruginosa biofilm infection.
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Role of DC subtypes?

Alveole” - . Immature dendritic cells (DC) take up antigen
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Modified from Jensen, Givskov, Bjarnsholt and Moser. FEMS 20



Summary and conclusion

Adaptive Immune response contributes to pathophysiology
in chronically infected CF patients by Th2 skewing and
Th17 responses without |L-22.

Role of Treg cells interesting and have to be further
clarified.

Maybe future adjunctive treatment target. Several possible
strategies.

Effect of iImmune modulatory treatment difficult to
appreciate and may not be evident until after long term
treatment.
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